Endoscopic mucosal resection (EMR) is widely accepted and regularly used for treatment of precancerous and early colorectal neoplasms. However, this technique is not feasible and safe for en bloc resection if the tumor size is larger than 20 mm, as it may not facilitate accurate histologic diagnosis and reduced recurrence rates. [1] [2] [3] [4] Endoscopic submucosal dissection (ESD) is a recently developed therapeutic alternative to EMR. ESD has the advantages of allowing en bloc resection, irrespective of tumor size, location, and shape for precise histologic evaluation and reduction of local recurrence. However, ESD requires advanced technique and its procedure time is longer than EMR. Also, it has a considerable risk of complications such as bleeding and perforation, and has a long learning curve. Background/Aims: Endoscopic submucosal dissection (ESD) is an advanced technique that can be used to treat precancerous and early colorectal neoplasms by facilitating en bloc resection regardless of tumor size. In our study, we investigated the clinicopathological feature and the treatment outcome of patients with colorectal laterally spreading tumors (LSTs) that were treated by ESD. Methods: The study enrolled all of 210 patients with colorectal LSTs who underwent ESD. Clinical outcomes were analyzed by retrospectively reviewing medical records. Results: A cancerous pit pattern (Vi/Vn) was more common in pseudo-depressed (PD) subtype than in flat elevated (FE) subtype. The incidence of adenocarcinoma in the PD subtype and nodular mixed (NM) subtypes was significantly higher than in the homogenous (HG) subtype and FE subtype. The en bloc and R0 resection rates were 89.0% and 85.7%, respectively. The bleeding and perforation rates were 5.2% and 1.9%, respectively. The mean procedure time was much longer in the PD subtype than in the FE subtype. The en bloc resection rate was significantly higher in the NM subtype than in the HG subtype. However, there were no statistically significant differences in mean procedure time, en bloc resection rate, R0 resection rate, bleeding rate, or perforation rate between LST-granular and LST-nongranular types. Conclusions: These results indicate that ESD is acceptable for treating colorectal LSTs concerning en bloc resection, curative resection, and risk of complications. Careful consideration is required for complete resection of the PD subtype and NM subtype because of their higher malignant potential. (Intest Res 2019;17:127-134)
INTRODUCTION www.irjournal.org cial and flat neoplasm that are larger than 10 mm in diameter; LSTs have a short axis that extends laterally along the colorectal luminal wall. LSTs are divided into 2 types: the granular and the nongranular type. The granular (LST-G) type is divided into 2 subtypes: homogeneous (HG) subtype and nodular mixed (NM) subtype. The nongranular (LST-NG) type is divided into 2 types: flat elevated (FE) subtype and pseudo-depressed (PD) subtype according to their endoscopic macroscopic morphology during chromoendoscopy with indigo carmine dye spraying. [6] [7] [8] [9] Submucosal invasive cancer is less frequent in LSTs than in polypoid lesions of similar size. [6] [7] [8] [9] Therefore, EMR or ESD is used to treat LSTs. 3, [10] [11] [12] [13] [14] [15] [16] [17] [18] However, the clinicopathological characteristics of LSTs and risk of cancer are different among types and subtypes according to their endoscopic macroscopic morphology. [19] [20] [21] [22] [23] [24] Submucosal invasive cancers are more frequent in the nongranular type than in the granular type. PD, NM, and larger LSTs have a higher malignant potential. [19] [20] [21] [22] [23] [24] Thus, to avoid either unnecessary surgery or incomplete resection in treatment of LSTs, it is crucial to keep in mind the differences in malignant potential to select the appropriate therapeutic modality for specific LST types and subtypes. ESD has been considered the optimal therapeutic modality for larger colorectal lesions, and the clinical outcomes of ESD in treatment of larger lesions have been reported. [1] [2] [3] [4] [5] However, there is lack of data about clinicopathological features of patients with LSTs treated by ESD. In this study, we investigated the clinicopathological features of patients with LSTs treated by ESD, and assessed the treatment outcomes of ESD.
METHODS

Patients
The study enrolled all of 210 patients with LSTs who underwent ESD at 5 university hospitals in Honam region in Republic of Korea between January 2012 and December 2013. The hospitals are affiliated with the Honam Association for the Study of Intestinal Diseases. Medical records were collected and analyzed retrospectively. Before performing ESD, we explained about the procedure and its complications such as bleeding and perforation, and obtained informed consent. The study protocol was approved by the Institutional Review Board of each participating hospitals.
Lesions
We defined an LST as a lesion that extends laterally along the interior luminal wall and larger than 10 mm with a low vertical axis. Morphology was categorized according to the Kudo classification using chromoendoscopy with 0.5% indigo carmine with/without magnified examination. 25 Then, we categorized the lesions into 2 types based on the endoscopic findings: LST-G and LST-NG. LST-G was further subdivided into HG subtype and NM subtype, and LST-NG was further subdivided into FE subtype and PD subtype. 9 Two endoscopists (YHJ and YEJ) blindly reviewed all cases and subdivided them into 1 of the 4 subtypes based on endoscopic images. In cases with classification discrepancies, the 2 endoscopists discussed the findings to obtain consensus and a single diagnosis. We defined transverse colon, ascending colon and cecum as proximal colon, and recto-sigmoid colon and descending colon as distal colon.
ESD Technique
ESD was performed using a standard single accessorychannel colonoscope (CF-H260 or PCF-Q260JI; Olympus Optical Co., Tokyo, Japan). We demarcated the lesions using chromoendoscopy with 0.4% indigo carmine dye. Then, to lift the mucosa, a mixed solution of 100 mL normal saline containing 0.4% indigo carmine and 0.0001% epinephrine was injected into the submucosal layer. A flex knife (Olympus) or flush knife (Fujinon-Toshiba ES System Co., Omiya, Japan) was used to make a circumferential mucosal incision around the lesion. The submucosal tissue under the lesion was dissected gradually with a flush knife (Fujinon), a hook knife (Olympus), an ITknife (Olympus), or a HybridKnife (ERBE Elektromedizin GmbH, Tübingen, Germany). To achieve long-lasting mucosal elevation, the normal salineindigo carmine-epinephrine mixed solution was injected periodically during the procedure. High-frequency generators (ICC200 or VIO 300D; ERBE) were used. We performed mucosal incision about 5 mm outside the edge of the lesions in ENDO CUT mode (effect 3, output power 60-80 W for the ICC200; effect 2, duration 3, interval 3 for the VIO 300D).
Mucosal incision was performed in ENDO CUT mode (effect 3, 80 W, for the ICC200), or ENDO CUT I (effect 2, duration 3, interval 3) for the VIO 300D, and submucosal dissection was performed in forced coagulation mode (effect 2, 40 W) to remove the lesion completely. We used a pair of hemostatic forceps (Coagrasper, Olympus) in soft coagulation mode (60 W) to control bleeding during the procedure or to prevent possible bleeding from visible vessels in the artificial ulcer that was made by the procedure. ESD was performed by 5 qualified endoscopists with extensive experience in performing ESD in the stomach. Ten percent buffered for- malin was used to fix the resected specimen. Fixed resected specimen was then embedded in paraffin, sliced into 2-mm sections, stained with hematoxylin and eosin, and assessed microscopically. Histopathologic diagnosis was based on the World Health Organization (WHO) classification of GI epithelial neoplasia. 26 We defined a SM1 cancer as a submucosal cancer that is less than 1,000 μm below the muscularis mucosa, and a SM2 cancer as a submucosal cancer that is more than 1,000 μm below the muscularis mucosa. En bloc and piecemeal resections refer to resection with a single, or multiple pieces, respectively. We defined R0 resection as a specimen removed without the involvement of tumor cells in lateral and basal margins. Procedure time was counted from the beginning of local injection to the finish of lesion removal.
Adverse Events
Procedure-related bleeding after ESD was defined as bleeding that required transfusion or surgery, or bleeding that induced hemoglobin level to fall by 2 g/dL. Perforation was diagnosed endoscopically or by taking abdominal plain radiography or CT and see the free air.
Statistical Analysis
To analyze data, SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used; results for normally distributed continuous variables were expressed as mean±SD and categorical (24.3%) mucosal and 20 (9.5%) submucosal adenocarcinomas. The mean procedure time was 60.0±55.6 minutes (range, 10.0-360.0 minutes). The en bloc resection rate was 89.0% (187/210). Of the 210 LSTs, 20 were diagnosed with basal or lateral margin involvement and due to difficulties in histopathological assessment, 10 could not be evaluated for completeness of resection. The R0 resection rate was 85.7% (180/210). The bleeding and perforation rates were 5.2% (11/210) and 1.9% (4/210), respectively. The complication cases including 11 bleeding and 4 perforation cases were treated by endoscopic hemoclipping, and surgery was not needed in all cases.
Comparison of Patient-Related Data According to Endoscopic Morphology of Colorectal LSTs
We summarized patient-related data according to endoscopic morphology of colorectal LSTs in Table 2 . There were no statistically significant differences in age, sex, smoking history, alcohol use, BMI, comorbidity, or use of aspirin or NSAIDs between LST types or subtypes, but the age of patients with LST-NG were older than those with LST-G (P = 0.034).
Comparison of Lesion-Related Data According to Endoscopic Morphology of Colorectal LSTs
We summarized lesion-related data according to endoscopic morphology of colorectal LSTs in Table 3 . There were no statistically significant differences in tumor size or location between LST-G and LST-NG types (P =0.993 and P =0.592, respectively), but NM subtype and PD subtype tended to be larger than HG subtype and FE subtype (P =0.094 and No statistically significant differences were found between LST-G and LST-NG types in frequency of a cancerous pit pattern (Vi/Vn) (P=0.254), but a cancerous pit pattern (Vi/ Vn) was significantly more common in PD subtype than in FE subtype (P=0.000). There were no significant differences between LST-G and LST-NG types in the incidence of adenocarcinoma (P=0.916), but the incidence of adenocarcinoma in NM and PD subtypes was much higher than in HG subtype and FE subtype (P=0.048 and P=0.015, respectively).
Comparison of Procedure-Related Data According to Endoscopic Morphology of Colorectal LSTs
Procedure-related data according to endoscopic morphology of colorectal LSTs are summarized in Table 4 . There were no statistically significant differences in mean procedure time, en bloc resection rate, bleeding rate, perforation rate, or R0 resection rates between LST-G and LST-NG types (P =0.310, 0.947, 1.000, 0.059, and 0.792, respectively), but the en bloc resection rate for NM subtype was significantly higher than for HG subtype (P=0.047). The mean procedure time was significantly longer for PD subtype than for FE subtype (P=0.006). In addition, the rate of perforation was higher in LST-NG type than in LST-G type (P=0.059).
DISCUSSION
Superficial colorectal neoplasms, including precancerous adenoma and early colorectal cancer, are now increasingly detected by screening colonoscopy and recent advances Values are presented as mean (range) or number (%). HG, homogeneous; NM, nodular mixed; FE, flat elevated; PD, pseudo-depressed. Values are presented as mean (range) or number (%). HG, homogeneous; NM, nodular mixed; FE, flat elevated; PD, pseudo-depressed www.irjournal.org in techniques such as chromoscopic and magnification colonoscopy. [7] [8] [9] According to recent studies, 7% to 36% of diagnosed colorectal neoplasms are flat or depressed lesions; these are usually removed by endoscopic resection, which is minimally invasive. [7] [8] [9] Colorectal LSTs are large and superficial flat neoplasms, and most are adenomatous lesions. [6] [7] [8] [9] Therefore, colorectal LSTs are considered good candidates for endoscopic resection.
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EMR is useful for precancerous lesions and early superficial colorectal cancer. However, it is very hard to perform en bloc resection of a colorectal neoplasm that is larger than 20 mm due to snare size limitation. Large colorectal neoplasms can be removed by piecemeal EMR. However, this makes it difficult to obtain a precise histopathological diagnosis. Also incomplete resection and local recurrence rates are high in piecemeal EMR. [1] [2] [3] [4] Therefore, EMR and piecemeal EMR are unsuitable for the treatment of colorectal neoplasms that is larger than 20 mm in diameter, including LSTs. ESD is a practicable endoscopic procedure for large colorectal neoplasms because it provides en bloc specimens for accurate histopathologic diagnosis, regardless of lesion size or location, enabling precise determinations of tumor margin and invasion. However, colorectal ESD is technically difficult and has a significant risk of complications such as perforation because the colon has thin wall, sparse muscle layer, tortuous and multiple folds, and peristalsis. [1] [2] [3] [4] [5] Therefore, colorectal ESD is no longer widely used as a standard method for treating colorectal neoplasms, but has been applied in clinical research settings at advanced institutes. Nevertheless, previous reports showed that ESD of colorectal neoplasms was associated with a higher rate of en bloc resection (61.0%-98.2%) and curative resection (58.0%-95.6%), and a lower risk of recurrence (0%-11%).
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At first, we evaluated the efficacy and safety of ESD removal of colorectal LSTs. In our study, rate of en bloc resection was 89.0% and rate of R0 resection was 85.7%, with a mean size of 33.3 mm. Our results are comparable to those in previous studies, 5 and indicate that ESD provides a high rate of en bloc and complete resection for colorectal LSTs. Because of recent innovations in technique and equipment, ESD has become easier and safer over time. However, compared to EMR, ESD is still associated with significant complications such as bleeding (0.5%-9.5%) and perforation (1.4%-8.2%). 5 According to our study, the bleeding rate and perforation rate after ESD were 5.2% and 1.9%, respectively, similar to those in previous reports. 5 These results suggest that ESD may be acceptable for treating large colorectal neoplasms such as LSTs because of its high rate of en bloc resection and curative resection, even though it is associated with significant complications such as bleeding or perforation. Next, we compared the outcomes of ESD according to endoscopic macroscopic types and subtypes. In mean procedure time, en bloc resection rate, R0 resection rate, bleeding rate, or perforation rate, there were no significant differences between LST-G and LST-NG types; however, if only small perforations are considered, the frequency was higher in LST-NG than in LST-G types.
Chromo-and magnifying endoscopy with indigo carmine dye are useful for characterizing lesions based on the morphologic architecture of colonic mucosal crypt orifices (pit pattern classification). 9 Specifically, the cancerous type V pit pattern is sub-classified into type V I and type V N . Type V I indicates adenoma with severe dysplasia or SM1 carcinoma and type V N indicates invasion more than SM1. The Kudo pit pattern classification is a very precise diagnostic method that is used to predict the depth of invasion of colorectal neoplasms. 9 Previous studies reported that the frequency of submucosal invasion by colorectal LSTs increased with size; LST-NG type had much higher rate of submucosal invasion than that of the LST-G type. Moreover, the rate of submucosal invasion by the NM subtype and PD subtype was significantly higher than that of the HG subtype and FE subtype. [19] [20] [21] [22] [23] [24] In our study, no significant differences were found in frequency of cancerous pit pattern (Vi/Vn) and adenocarcinoma between LST-G and LST-NG types. However, the rate of cancerous pit pattern was significantly higher in PD subtype than in FE subtype, and tended to be higher in NM subtype than in HG subtype; moreover, the incidence of adenocarcinoma in the PD subtype and NM subtype was significantly higher than in the HG subtype and FE subtype, similar to that in previous reports. [19] [20] [21] [22] [23] [24] These data suggest that different strategies may be required for treating LSTs according to their macroscopic types and subtypes. Therefore, it is critical to predict the depth of invasion by using chromo-and magnifying endoscopy, and to assess malignancy based on LST types and subtypes before selection of a therapeutic modality. If ESD is considered, these lesions must be cautiously removed en bloc to ensure accurate histopathological diagnosis. A major limitation of our study is that we could not perform multivariate analyses including well-known factors related with outcomes of colorectal ESD such as fibrosis, procedure time, en bloc resection versus piecemeal resection, complete vs incomplete resection, and so on.
However, according to our study we can conclude that the appropriate treatment of colorectal LSTs should be deter-mined based on their macroscopic types and subtypes, and on pit pattern findings. ESD is acceptable and promising for colorectal LSTs with regard to en bloc resection, curative resection, and risk of complications.
